COPY OF SUBSTITUTE OTE^lFICATIOiSl ' ^ 
SHOWING CHANGE 

ELECTRIC DRIVE UNIT FOR GENERATING AN OSCILLATING 

MOVEMENT 

TECHNICAL FIELD 

^fee — invention — pcrtaino This application relates to an 
electric drive unit for generating an oscillating 
movement . The invention furthormoro portaino to a omall 
olGCtrio appliance with Guoh a drive unit, an well aa a 
method for manufacturing a corrooponding drivo unit. 

BACKGROUND 

Drive units for generating an oscillating movement are 
used, for example, in electric toothbrushes or electric 
razors. For example. Patent No > DE 28 20 437 Al 
discloses an electric toothbrush with an oscillating 
armature motor. The oscillating armature motor is used 
for realizing an oscillating rotational movement of a 
shaft that carries a brush element. The rotational 
movements are influenced by torsion springs and damping 
elements such that a desired motion sequence is 
adjusted. 

Ai ^U.S. Patent No, 5.613,259 discloses an oscillating 
appliance-7 — particularly i.Cr in the form of an 
electric toothbrush-; — io aloo Icnown froni US 5 1 613,259 . 
This appliance features a mechanical oscillator that is 
driven by an electric motor. The electric motor is 
controlled in dependence on the oscillating frequency 
of the mechanical oscillator that is determined by 
means of a sensor^ such that the mechanical oscillator 
aloo remains resonant under a varying load. The 
mechanical oscillator is realized in the form of a 
spring-mass system that may comprise a coil spring^, or 
a torsion rod. 
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In order to achieve a largely substantially optimal 
operation of the electric drive unit for generating an 
oscillating movement, the drive unit should be excited 

with a frequency that largely substantially 

corresponds or lies close to its resonant frequency. 
However, the resonant frequency not only changes with 
the load of the drive unit, but is also detuned due to 
manufacturing tolerances associated with series 
production* Although regulating the excitation 
frequency can compensate for this detuning ee^i — fee 
compcnQQtod — fey — regulating — Irfee — excitation — frequency , 
such a — control results in increased manufacturing 
costs. ^ — addi t i o n Mor eover , a change — e S changing the 
excitation frequency is undesirable in certain 
applications . 
SUMMARY 

Conoequcntly, — fehe — invention is baocd on the — objective 
of realising a largely optimal oloetric drive unit for 
generating — an oooillating — mo vo m o nt — wi-fefe; — febe — 3r oaG - t 
e^cpondituro poooible. 

This — objective — i-s — attained — with — ^rfee — combination — e# 
oharactcrioticG diocloGcd in Claim 1. 

The Invcntivo In one aspect, an electric drive unit for 
generating an oscillating movement f caturcG — has a 
stator, a rotor and a torsion element. The peculiarity 
eS — fefee — drive — unit — according — fee — fefee — invention car: bo 
ooon — ir^ — that Moreover, a tuning element is provided 
that acts upon the torsion element^ a«€l — oorvea — 
serving to mechanically tuning — tune the resonant 
frequency of the drive unit. 

The invention provider Certain implementations fftay^have 
the advantage that the drive unit allows for an optimal 
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conversion of the electric driving energy into the 
oscillating movement regardless of possible 
manufacturing tolerances^ such that a comparatively low 
electrical power suffices for the operation of the 
inventive d rive unit. 

The — drive unit according invention — is 

preferably- realized such that the tuning element fixes 
the torsion element at a variable location of the 
torsion element. In thio oaoo, — ^The tuning element may 
be arranged on the stator^ such that it can be 
displaced and fixed in position. The tuning clomGnt. in 
particular, — faa yeleinent may be displaceable parallel to 
the longitudinal axis of the drive unit. For this 
purpose, the tuning element may engage, for example, 
into at least one groove in the stater. A design of 
this type can be realized with a relatively low 
expenditure^ and makes it possible to easily tune the 
resonant frequency of the invent ivo drive unit. 

With respect to its simple handling, it 4rs — can be 
particularly advantageous that to provide the tuning 
element io realicod in the form of a clamping device. 
In this case, the tuning element may comprioo have , for 
example, two parts and at least one connecting element 
for pulling together the two parts. 

The torsion element 4rS — uouall y can be fixed on the 
rotor. In one preferred embodiment — implementation of 
the drive unit according to the — invention , the rotor 
features a hollow shaft. In this case, it ±g — can be 
particularly advantageous th a t to arrange the torsion 
element is can be, at least pa r t i a 1 ly^— a-g- r angc cl within 
the hollow shaft-: — Thia — makcG , making it possible to 
realize — provide the inventive — drive unit in a very 
compact fashion. The torsion element — prof crabl y can 
be ^eaM- zod p rovided in the form of a torsion rod that 
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can be manufactured with very strict tolerances and 
hardly requires any structural space, particularly when 
implemented in combination with the hollow shaft. 

The inventive drive unit may feature a housing with a 
recess in the region of the tuning element. This makes 
it possible to carry out the tuning of the resonant 

frequency when the drive unit according fee y=ie 

invention is already completely assembled. 

In one preferred embodiment of the inventive — drive 
unit, the stator features permanent magnets and at 
least one coil. The rotor preferably features an 
armature of a magnetizable material. 

The invention furthermore pcrtainci to ln a Another aspect 
of the invention features— a small electric appliance 
can be equipped with the above ~ des c r ibed inventive 
drive unit. The small appliance aeeording — fee — fe^*e 
invention is can be pr c f erably real i z ed in the form of 
an electric toothbrush or an electric razor. Appliances 
of this type are frequently operated independently of 
the electric power supply by means of a battery_^ auch 
that thc The comparatively low power consumption of the 
i nvc n t i vc d r i ve unit has positive effects on the time 
of operation that can be achieved with one battery 
charge . 

^iPhe — im'ontivc — mctho d Another aspect of the invention 
features a method of manufacturing pertein a — fe-e — fe^ 
manufacture of an electric drive unit for generating an 
oscillating movement-; — w herein — fefe eThe drive unit 
features a stator, a rotor and a torsion element. The 
peculiarity — e-i — fe^te — method — according — fee — fete — invention 
can bo oeen in that the resonant frequency of the drive 
unit is mechanically tuned by the torsion element after 
the assembly of the drive unit. 
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The scope of the method aocording — fee — fefee — invention 
includes embodiments-r in which a region of the torsion 
element that participates in the oscillating movement 
can be varied in order to adjust the drive unit to a 
desired resonant frequency. For this purpose, the 
torsion element can be fixed on a tuning element-; — ^ 
whoroin — fel ^The location arfe — which w here the tuning 
element engages on the torsion element ^-s— can be chosen 
such that the drive unit has the desired resonant 
frequency. In order to achieve a reliable tuning of the 
resonant frequency, the drive unit jre — can be excited, 
such that it carries out an oscillating movement, and 
the location of the torsion element at which where the 
tuning element needs to be fixed -is— can be determined 
from the oscillating movement of the drive unit. In one 
preferred embodiment of the -i Hventivc — method, an 
excitation by pulses is uoo d employed. #0-^= — caucing to 
cause the oscillation of the drive unit. The location 
of the torsion element arfe — v/hioh — where the tuning 
element needs to be fixed can be determined, for 
example, from the decay behavior of the oscillating 
movement. The torsion element is preferably fixed in 
the rotational position that the rotor assumes when the 
drive unit is switched off. 

The invention la dcGcribod in greater detail below with 
ref GroncG — fee — fefee — cmbodimontG — that — a«e — illuotratod — 3rB 
-fefee — f iguroo — aftel — in which — fe^ie — invontivc — drive — tm-irfe — ir& 

rcopcctively intended &e« ^^t^e ia^ aift electric 

tootlibruoh. — Other aspects, features, and advantages 
will be apparent from the follov/ing detailed 
description , the drawings, and the claims. 

DESCRlFnON OF DRAWINGS 
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Figure l-r - is a top view of a first embodiment of a 
drive unit roaliood in aocordancc with — fefee 
invention ; 

Figure 2-? — is a longitudinal section through the first 
embodiment of the inventive drive unit along 
the line A-A in Figure 1; 

Figure 3t — is another longitudinal section through the 
first embodiment of the invent ivc — drive 
unit, wherein the plane of section is turned 
relative to Figures 2 by 90° about the 
longitudinal axis of the inventive — drive 
unit; 

Figure 4t— is a cross section through the first 
embodiment of th C ' invontivo drive unit along 
the line B-B in Figure 1; 

5 — is a cross section through the first 
embodiment of the inventive drive unit along 
the line C-C in Figure 1, and 
6t — is a cross section through a second 
embodiment of the inventive drive unit along 
the line C-C in Figure 1. 

DETAILED DESCRIFriON 

Figure ■ 1 ohowG a top view of an embodiment of a drive 
«t-irfe — 1 — that — is — realised — i» — acoor dance — with — fehe 
jr nvontion. — gh eRef erring to Figure 1, drive unit 1 
features an elongated housing 2, from one face of which 
a hollow shaft 3 protrudeSj;_ that — ox tondG ext ending 
f)arallel to the longitudinal axis of the drive unit 1, 
A connection piece 4 for receiving a not-shown 
toothbrush attachment is coaxially inserted into the 
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axial end of the hollow shaft 3 that is situated 
outside the housing 2^ and then connected to the hollow 
shaft 3 in a rotationally rigid fashion. The housing 2 
features a window-shaped recess 5 on one of its 
longitudinal sides, namely — for example in the end 
region opposite — region — rof erred — to the face on 
v/hich the hollow shaft 3 protrudes from the housing 2. 
An adjusting element 6 arranged in the interior of the 
housing 2 is visible through the recess 5, wherein this 
adjusting element can be displaced parallel to the 
longitudinal axis of the drive unit 1^ and is described 
in greater detail further below. Details regarding the 
internal design of the drive \init 1 are illustrated in 
the sectional representations according to Figures 
and in the sectional representation of a second 
embodiment according to Figure 5. 

Referring to Figure — 2 — Ghov/s — a — longitudinal — section 
through the firot embodiment of the drive unit 1 along 
-fei=ie — ii«e — ft-A — if% — Figure — — Figure — 3 — ohowo — another 
longitudinal aootion> — in v<yhich the piano of oootion ia 

turned — rolative — — Figure — 3 — fey — 9^ — about 

longitudinal — axio — — ^he — drive unit — h-. — According — ^ 
Figures 2 and 3, the hollow shaft 3 continues into the 
housing 2 and is rotatably supported relative to the 
housing 2 in two bearings 7 . The bearings 7 are 
arranged in a coil form 8. An armature 9 is arranged on 
the hollow shaft 3 in a rotationally rigid fashion 
between the two bearings 7. A torsion rod 10 extends 
within the hollow shaft 3 coaxial to the hollow shaft 3 
and protrudes from the hollow shaft 3 with both of its 
axial ends. In the region of its first axial end, the 
torsion rod 10 is connected to the connection piece 
and therefore also to the hollow shaft 3 in a 
rotationally rigid fashion. In the vicinity of its 
second axial end, the torsion rod 10 is clamped into 
the adjusting element 6 in a rotationally rigid 
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fashion_^ and thus [ [ly] 1 connected to the housing 2 in a 
rotationally rigid fashion* This means that a 
torsionally elastic suspension of the hollow shaft 3 
including the connection piece 4 and the armature 9 -ie 
can be realized on the housing 2 by means of the 
torsion rod 10. 

Permanent magnets 12 are arranged radially adjacent to 
the armature 9 on carrier plates 11 . The carrier plates 

11 are arranged on the inside of the housing 2 
diametrically opposite of one another. A stationary 
stator 13 and a rotor 14 that is rotatable relative to 
the stator 13 are realized with the components 
illustrated in Figures 3 and 4. The housing 2, the coil 
form 8, the carrier plate 11 and the permanent magnets 

12 can be assigned to the stator 13. The hollow shaft 3 
with the connection piece 4 and the armature 9 form the 
components of the rotor 14. The stator 13 and the rotor 
14 are coupled to one another in a torsionally elastic 
fashion with the aid of the torsion rod 10. 

Figure — 4 — ohows — a — cross — ooction — through — fefee — f irot 
cmbodimGnt — b€ — fefee — drive unit — i — along the — lino — B-B — 
F-ig uro 1. According Referring to Figure 4, the armature 
9 has an elongated cross-sectional shape and is 
arranged in an oblong hollow space 15 in such a way 
that it can be slightly turned in both rotating 

directions relative to the idle position shown. Th e In 

this implementation, the coil form 8 carries at least 
one coil 16 that is only partially illustrated in 
Figure 4. When a current flows through the coil 16, a 
magnetic field is generated in the armature 9^ such 
that a magnetic interaction with the permanent magnets 
12 occurs in the region of the radial surfaces of the 
armature 9 that are situated adjacent to the permanent 
magnets 12-7 — . w here in — this This magnetic interaction 
causes the armature 9 to be displaced from its idle 
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position^ and therefore the hollow shaft 3 to be 
slightly turned. An alternating current feed to the 
coil 16 makes it possible to achieve an alternating 
movement of the armature 9 in both rotating directions 
referred to its idle position^ such -febe — that an 
oscillating rotational movement of the rotor 14 occurs. 
This oscillating rotational movement is promoted by the 
torsion rod 10 that respectively turns the rotor 14 
back into the idle position of the armature 9 and forms 
an oscillatory spring-mass system together with the 
rotor 14 . 

The amplitude of the oscillating rotational movement 
becomes particularly high if the excitation^^ by means 
of the current -carrying coil 16^ takes place with at 
the resonant frequency of the spring -mass system. The 
excitation energy can be transmitted most effectively 
within the range of the resonant frequency_^ such that 
the excitation energy required for a desired amplitude 
assumes a minimum value. In order to operate the drive 
unit 1 as efficiently as possible, the resonant 
frequency of the spring^mass system should correspond 
as precisely as possible to the excitation frequency^ 
or to a predetermined value in the vicinity of the 
excitation frequency. However , ^ in the series 
production of several drive units 1; howovGr; — the 
resonant frequencies are detuned due to manufacturing- 
related tolerances of the components forming the d rive 

unit 1. In order to oolvc thio problem, — the ■ invention 

propooQO fefe fein a preferred implementation, the 

resonant frequency of the spring-mass system is— ca^_be 
mechanically tuned after its assembly. The tuning is 
can be rcGpcctivcly achieved by varying in — that — the 
effective length of the torsion rod io variod w ith the 
aid of the adjusting element 6. This procedure is 
discussed in detail below with reference to Figure 5. 
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Figure 5 shows a cross section through the first 
embodiment of the drive unit 1 along the line C-C in 
Figure 1. Consequently, the plane of section extends 
through the adjusting element 6 that consists of an 
upper part 17 and a lower part 18. The parting plane 
between the upper part 17 and the lower part 18 of the 
adjusting element 6 extends parallel to the 
longitudinal axis of the drive unit 1. The upper part 
17 of the adjusting element 5 engages into one 
respective groove 19 in the coil form 8 that extends 
parallel to the longitudinal axis of the drive unit 1 
on both sides^ and can be moved in this direction only. 

The upper part 17 is screwed to the lower part 18 with 
two screws 20 that are inserted into through-bores 21 
in the upper part 17 of the adjusting element 6 and 
engage into threaded bores in the lower part 18 of the 
adjusting element 6. When the screws are tightened, the 
torsion rod 10 is clamped between two splines 23 that 
are realized parallel to the longitudinal axis of the 
drive unit 1 in the upper part 17^ and in the lower 
part 18 of the adjusting element 6^ aed — feh eThe wall 
surfaces of whioh the splines are pressed against the 
cylindrical outer surface of the torsion rod 10. This 
causes the torsion rod 10 to be non-positively fixed on 
the adjusting element 6. The adjusting element 6 is 
simultaneously blocked from moving parallel to the 
longitudinal axis of the drive unit 1 because the 
torsion rod 10 is rigid in this direction. The screws 
20 are accessible through the recess 5 in the housing 2 
in order to be tightened and loosened. The tuning of 
the resonant frequency of the spring-mass system of the 
drive unit 1 can be carried out as described below^_^ 

The torsion rod 10 is clamped into the adjusting 
element 6 in the rotational position that it assximes as 
its idle position due to the effect of the permanent 
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magnets 12 on the armature 9, Before the torsion rod 10 
is fixed in position by tightening the screws 20, a 
preliminary tuning process -ars — can be carried out by 
displacing the adjusting element 6 into the position in 
which the desired resonant frequency of the spring-mass 
system is presumably reached. In this case, the 
effective length of the torsion rod 10 is adjusted with 
the aid of the adjusting element such that the 

resonant frequency of the springs-mass system is 
influenced accordingly. The effective length of the 
torsion rod 10 corresponds to the distance between the 
location at which the torsion rod 10 is fixed on the 
connection piece 4 and the location at which the 
torsion rod 10 is fixed on the adjusting element 6. The 
resonant frequency rises when the effective length of 
the torsion rod 10 is shortened, i«e., if the adjusting 
element 6 is displaced toward the hollow shaft 3 . Vice 
versa, the resonant frequency is lov^ered if the 
effective length of the torsion rod 10 is extended by 
increasing the distance between the adjusting element 6 
and the hollow shaft 3. 

After this preliminary adjustment, the drive unit is 
excited by pulses such that it carries out an 
oscillating movement, and the effective resonant 
frequency of the spring-mass system for the current 
position of the adjusting element 6 is determined from 
the decay behavior of the oscillating movement. The 
deviation between the effective resonant frequency and 
the desired resonant frequency is then used for 
determining the distance, by which the adjusting 
element 5 needs to be displaced in order to reach the 
desired resonant frequency, for example, with the aid 
of an empirically prepared table. The adjusting element 
6 is then displaced by the determined distance. The 
position of the adjusting element 6 can be checked with 
another excitation by pulses. If so required, the 
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adjusting element 6 is readjusted until the effective 
resonant frequency of the spring-mass system 
corresponds to the desired resonant frequency with a 
predetermined accuracy. The adjusting element 6 is then 
permanently fixed in position. 

According to Figures 4 and 5, the torsion rod 10 
according to the first embodiment of the invent ivo 
drive unit 1 has a circular cross section. The scope of 
the invention also includes alternative designs of the 

torsion rod 10. poooiblo variation i eOther 

implementations are possible > for example a second 
embodiment is illustrated in Figure 6. 

Figuro — 6 — ohowo — a — crooG — Gcction — through — a — Gocond 
ombodimont — eS — the drive unit — i — along — — line — G-~€ — in 
Figure 1 . — g% eRef erring to Figure S, the torsion rod 10 
has a square cross section in the second embodiment. 
The departure from the rotationally symmetrical design 
of the torsion rod 10 in the second embodiment makes it 
possible to positively secure the torsion rod 10 with 
the adjusting element 6 from turning. The splines 23 
used in the first embodiment for fixing the torsion rod 
in the upper part 17 and the lov/er part 18 of the 
adjusting element 6 may also be used in this case. The 
second embodiment of the drive unit 1 also corresponds 
to the first embodiment with respect to its remaining 
design and its function. 

Other implementations are within the scope o£ the 
following claims. 
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CLAIMS 



1. (Currently Amended) An electric drive unit for 
generating an oscillating movement , the drive unit 
that comprioco compris.ing : 

a stater (13 ) , 2. 

a rotor (1 4 ) , 2. 

a torsion element (10) j_and 

a tuning element , which +S-) — that acts upon the 
torsion element (10) and serves for mechanically 
tuning the resonant frequency of the drive unit 
444-, charactoriflod in that v^erein the rotor (14) 
foaturoo ■ c omprises a hollow shaft (3) , and in that 
wherein the torsion element (10) is at least 
partially arranged within the hollow shaft (3) . 

2. (Currently Amended)The drive unit according to 
claim 1, characteriged in that wherein the tuning 

element -f6^ f ixca — is arranged to secure the 

torsion element (10) at a variable locat ion of t h e 
torgion olomont in a selectable position — f-3r6-f« 

3. (Currently Amended) The drive unit according to one 

— the proGcding — claimo claim 2 , oharacteriisod — ia 
that wherein the tuning element (6) is arranged on 
the stator (13) such that it can be displaced and 
fixed in position. 

4. (Currently Amended) The drive unit according to 
claim 3/ GharaGtcyiacd in that wherein the tuning 

element 46-) is displaceable parallel to the 

longitudinal axis of the drive unit — (4) - . 

5. (Currently Amended) The drive unit according to 
claim 3-— e^^ — 4r, eharaotorigod in — that wherein the 
tuning element 44-^ — engages into at least one 
groove (19) in the stator- (13) . 
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6. (Currently Amended) The drive unit according to efte 
e4 — the prcocding — clQimo claim 1 , charactoriEod — ia 
that w herein the tuning element — io rcaliGcd in 
the form of comprises a clamping device. 

7. (Currently Amended) The drive unit according to 
claim 6, . charactori s sod in that wherein the tuning 
element comprises two parts 4^b^?-7 — 18) and at least 

one connecting element (20) pulling' 

togcthcr c onfigured to draw the two parts — (4-?^? — 3r84- 
together . 

8. (Currently Amended) The drive unit according to one 
of the proGoding claimG claim 1 , Gharaetcriccd in 
feharfe wherein the torsion element +3rW — is fixed on 
the roto r (14) . 

9. (Currently Amended) The drive unit according to ene 
of tho procoding claimo claim 1 , characteriaod in 
^feha fe wherein the torsion element 4^-9^ — io realised 
in tho form of comprises a torsion rod. 

10. (Currently Amended) The drive unit according to ene 
of the procoding clairao claim 1 , characterig o d in 
^^^a ^ further comprising a housing 45-^ — i - s— pi^evidcd 
that — fcaturQC having a recess — -^^^ — ^#^e — region 
e ^arranged to accommodate the tuning element- ■{&)■•. 

11. (Currently Amended) The drive unit according to ^ae 
of tho procoding olaimo claim 1 , e haractoriaod in 
'Ir h at wherein the stator 43^3^ — foaturoG comprises 
permanent magnets (12) and at least one coil (16) . 

12. (Currently Amended) _The drive unit according to 
one of the proGcding claimo claim 1 , characteriged 
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in that wherein the rotor (14) fcaturoo comprises 
an armature (D) of a magnetizable material. 

13. (Currently Amended) small electric appliance, 

charactoriisod — i« — that — i-fe — foaturoo — acomprising 
drive unit -{-^, — aco o rd - i - n g — to ono of — the pro c oding 
claimG of claim 1 . 

14. (Currently Amended)_The small appliance according 
•fee — of claim 13, oharaetcricod — ana — that — i-fe — 
rcalisod in the form of an electric toothbrush or 
in the form of a n electric razor. 

15. (Currently Amended)_A method 4eg- -of manufacturing 
an electric drive unit 44-4 — for generating an 
oscillating movements vjherein the drive unit -f^ 
comprises a stator — Hr3-f, a rotor — {4r4f, a torsion 
element (10) and a tuning element (6) , and wherein 
the resonant frequency of the drive unit -fi-) — is 

mechanically tuned, charaoto afiarged that the 

method comprising: 

exciting the drive unit -f3r) — io oxcitod ouch that 
it oarrioQ out to generate an oscillating movement-r 

j and 

determining from the oscillating m overrtent a 
desiredift — that — ^he — _locatio n on b4 — the torsion 

element 4i^^ a-fe — v i c h f o r s e c u r i ng the tuning 

element -(-&■) — nccdo to bo fixed io dctcrminQd from 

^fee osoillating — movcmcnt to tune a resonant 

frequency o£ the drive unit . 

16. (Currently Amended) The method according — ^of 

claim 15, charaoterigod i» that further 

comprising-^ 

fixing the torsion element 44-9-) — ^ — fixed on the 
tuning element (-€4-7 uhcrcin ' a^ H-^ 
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(S) ongageo - on the torgion clcincnt^" (10) — i - a-ohooon 
suoh — that — fefee — drive — unit — Hr) — has — fetee — e^ ooix^od 
rcoonant froquGr^c y in the desired location . 

17. (Currently Amended) The method according to claim 
16, charactorissod — ia — that wherein exciting the 

drive unit -f3r) corrioG ehe 03cillating 

movomont — 4tte — ^e — aa comprises oxcitation — exciting 
the drive unit b y pulses. 

18. (Currently Amended) The method according to one of 
clgimo claim 15--3r^, charaoteriged in that further 
comprising switching the drive unit off, and then 
fixing the torsion element (10) — io fi3CQd in tho a 
rotational position that the rotor -(4hH — assumes 
when the drive unit (1) is switched off. 
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ABSTRACT 



Tho invontion portaino to anA n electric drive unit 43rf 
for generating an oscillating mcvoiriQnt . — ?fee — invent ivo 
drive unit — (1) compriooo m ovement , having a stator ■ (13) > 
a rotor^ (1 4 ) — afi4 — a torsion element and a tuning 
element. (10) and io oharaGtorigcd in that a The tuning 
element -f^-^ — ars — provided — that — acts upon the torsion 
element (10) and serves for to m echanically •te4=irSrH^tune 
the resonant frequency of the drive unit (1) . 



(Figure 2) 



